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 ðņ ƺ³ǙŞŬō"vĠǨǧ -/ǬǣĉŘź$ķş3Ǜ*0- 
/Ǭ2009Þ źŬ"ĊŘǅ%"Ř"wǈ Ǘ0ĶæČƠ1Ǭ³"ǣĉ
Řźġ¹"ýÄ².10ǭčĘ"ǣĉŘź"ġ¹ǜŮ#Ǭ2004Þ # 45ha
Ǭ2012Þ # 3.5V ha ÄÀ(ǁĜıŗŢ 2014)ǭġ¹ǜŮÄÜ 
ÀƦ±Ǭ2010Þ
.Ơ210öøéƢ|MCOÐŷ"ıřĸŘ





/Ǭ1 ¥2ǣĉŘź"ġ¹ǜŮ 8.8V haǬŖŗǓ 70V t3şĩ









ǣĉŘźġ¹ 	ÉËǨnŖŗùơ"ťŲĳ*.10ǭ  
"-ƒĒ
.ǬǂÞ, ¤¶Ƒõ1Ãñ­Ū3\ì ǬǢŘź"Ý·
Ǔ" 80%À0 900~1000kg/10a 3şĩŤŰƠ210(Ĝ. 2012Ǭ\ǒ




















řSÝb 2002, WĻ 2007, ÄÖ. 1998, X]ƞSǕ 1998)"½«/Ǭ¼ƐČ
Řıř 	+ÈƐĉČŘ§ũßhX"Ǔ3é.10ƌ.10ǭ. Ǭ
¼ƐČŘĐė -0äǝ(. 2008ǬÄÎ. 2013)ǬǕėǇŘ"ĝ(ŻbSjŅ 2007Ǭ
př. 2002Ǭ¦Ņ. 2011)Ǭ15N ĩƳ -0¼ƐŚĚűƀ"ƯƁıū%"ªó
(Matsushita . 2000, X]ƞ. 2004)ǬNRǐ,8N"űƀhÂ"´ÁÈñ(jƟ






























0 (ǁĜıŗŢ 2009)ǭ(ǬMLQKR#Ǭƍzkñâ(Ǐb. 2011)Ǭƈ




ǬŝŊėǖ\"Ǭ_ōŖŗƓ(Ęě. 1988, Œ. 1998, ĈƟ. 1990ǬƝ. 1988)Ǭ
Ƙƛ
.ŭ%"ƽĹ(Ęě. 1988ǬÊ. 1990b, áǍ. 1998, ǘ. 1997)	-$ ~ó
(Ý×. 1992, ĈƟ. 1990ǬÊ. 1990a, áǍ. 1998, ǘ. 1997) ŎëƧ.10









































Ď«¿ē2007#%kS46t 086) 60kg/10a(KÿHÐÙ 6.0kg/10aē46
ý 10.8kg/10aē,4+2 9.6kg/10a)ú¾Ssß(Sß)T	 ēĐØiß)
1.8tDM/10aú¾éißT	 # 3.6tDM/10aú¾pÿißT	 




# 2010"<º% 2.1%ēC/N¨ 2009 11.7ē2010 11.9
Ĕ2010ĐØißē«K 23Ē%ē<º%K46ý 	
8.4Ēē,4+2 	 5.4Ē(Ó 2-1ê)ĔSsß#iß¾ÿēĂ




THÐÙ 8.0kgē46ý 10.8kgē,4 9.6kgēéißTHÐÙ 39.8kgē46




ĐØiß)anêĈ}ēSßT 4  26 Ssß)¾Ĕéi
ßT#pÿißTēgßSsß)¾ĔñĎ«¿ 4
18Þõ)éē5 8# 5 21>
Ĕ31506#
ē4 15*.-àáfa)a 1.65kgFlàáÔē±Ê×)
àáÔ% 180g/Êē*.-àáfa) 1.0kg ìaĔ5  22  21.2 /m2
¡wÈ¡ĔÈ¡áåđē31506	 4.1ē	 3.5 
ĔùßHT 7  20 ēyÙ)ÐÙK 2kg/10a ¾Ĕąäē
§édROąä¥)¾éēąäN#ÁvèăąçNA¾Ĕ3
1506JÌSßT 8 18ēéißT#pÿißT 8 19
%ē¸SßT 10 15ēéißT#pÿißT 10 16





iß)}ēSsßTē5  20 Ssß)¾ĔñĎ«¿ē4  18
Þõē5 7# 5 20>
Ĕ31506#ē4
15Êē5 22È¡Ĕùß 7 18éĔ31506JÌ
 10 
SßT#éißT 8 18ēpÿißT 8 20%ē¸
SßT#éißT 10 15ēpÿißT 10 17Ĕ
JÌHT 8 18ē¸HT 10 2ĔYÎ 10 25
éĔ  
2009# 2010ñĎb"÷AMeDASî³D(°Ü\)(ªô))Ó 2-2
êÆĔ2009 ~cª² 15.8ēĄ«ÿ 1822mmē~c·ā
148 āĔ$ē7 ĕ9 ~cª² 22.5ĕ26.2ē·ā 89
ĕ157āĔ2010~cª² 15.9ēĄ«ÿ 2067mmē~c·




%ĀĔ ēpÿißTē2009 10 8# 2010 9 25
Ċ#%ēÖ_C@	!$'Ĕ31506pÿißT" 2010  9 
25 Ċ#%9üēC@Ĕ'$?oñĎTC@í$'Ĕ













Ć 3 Ą øāĎÌ)0'Ę  
Ć 1 ć ŎĊĚ$Ŀ¼ð@?A>B$îě#k*£Ň  
Ć 1 ň @?A>B$ġDŏĠ¹ŏĢĞ\$¶ú 
 Èň%ŏ@?A>B)0'½ÈÁ$ġDŏĠ¹ŏĢĞ\#	ŏĐÀó#ĭÍ
30 #02ŏ½ÈÁ $Øĳ1@?A>B$Èó"îě#ŎĊĚ¼ðk*
£Ň6¿1#30 6ôó Ő 
 
Éº »Ü 
2009  2010 #ŏġDŏĠ¹)0'ĢĞ#	 1 j2Ķđ 15 Î6 3
±ŏĩ 45 Î#	ŏ2 ķŁ#C ĭÍŐĢĞ\%ĢĔċĩ SPAD502(MINOLTA)
6ð	ŏÂESĢ6 3 zĩäŏ$~\6ĢĞ\ Ő 
 
ĎÌ 
Ć 3-1-1-1 |# 2009 ŏĆ 3-1-1-2 |# 2010 $ġD$¶ú6474ùŐ2009
$@?A>B$ġD%ŏ7 Ã 4 ½+%iĚjō¶úŏ7 Ã 18 ½Nń%­ĥ
Ěj)0'ĿĚjōŐ+ŏHxü6rC¼ðjŁØĳ3 ŏ7 Ã 18
½Nńŏ½ÈÁ#Ø)@?A>Bō¶úŐ2010 $@?A>B$ġD.ŏ7
Ã 2 ½+%iĚjōŏ7 Ã 30 ½Nń%­ĥĚj)0'ĿĚjōŐ
+ŏHxü6rC¼ðjŁØĳ3 ŏ7 Ã 16 ½Nńŏ½ÈÁ#Ø)@?A>
Bō¶úŐ  
 13 
Ć 3-1-1-3 |# 2009 ŏĆ 3-1-1-4 |# 2010 $Ġ¹$¶ú6474ùŐH
 .#ŏĭÍÆŁ6ĵŏxü%½ÈÁŏ¼ðjŁ%ĿĚjŐ8
ÃJ¾#)3ĿĚj$@?A>B$Ġ¹%ŏH .#% 270 È/m2û 
Ő8 ÃJ¾$ĿĚj$Ġ¹6iĚj Øĳ3 ŏ2009 %@?A>B 1.48
Zŏ½ÈÁ 1.43 Zŏ2010 %@?A>B 1.95 Zŏ½ÈÁ 1.86 ZŐĚ
¼ð#03fep%ŏxüŁ%½ÈÁ#Ø)@?A>Bŏ+Ö#03
Ő 
Ć 3-1-1-5 |# 2009 ŏĆ 3-1-1-6 |# 2010 $ĢĞ\$¶ú6474ùŐH
 .#ŏ¼ðjŁ%ĿĚjō¶úŐHxü6rC¼ðjŁØĳ3
 ŏ2009 $ 7 Ã 18 ½Nń#)	ŏ½ÈÁ#Ø)@?A>Bō"3]t,1
4ŏ4N%C$]t%,14"Ő+ŏHxü .#ŏ2009 % 7
Ã 4 ½ŏ2010 % 7 Ã 2 ½#Â\6ùŏ$¤â3]t,14Ő@?A
>B% 2010 % 8 Ã 28 ½Nńŏ@?A>B$ĿĚjÂ.ō¶úŏÀÆ#






@?A>B$ġD%ŏúÐ 5 ķô3 7 Ãb¾+%iĚj. .ō(Ć
 14 
3-1-1-1 |ŏĆ 3-1-1-2 |)ŐiĚj%ŏúÐd$iĚº¼ð#02îěbÆ$ġD
f Ę(14ŐŏÛñ#)3ĚĂċ$7B@=7¬Ăċ%ŏ
ã #02úÐ1 46 ķû á3 24)2(Ĥ 2004)ŏÈīŌ#)	
. 7 Ãb¾Nń%­ĥĚj)0'ĿĚj#Ø)ŏiĚjT¶ú)2ŏ
iĚº$Ěg%TF	 Ę(14ŐġDŏĠ¹)0'ĢĞ\$ÿ%Ăċvl
Ŀ õł2ŏġD$f%ĂċvlĿf$´Õ "3(ÇY1 1994) 24)
2ŏ7 Ãb¾Nń#)	ŏiĚj#Ø)ġDō¶ú­ĥĚj)0'Ŀ
Ěj%ŏŎĊĚ$ĂċWďĒ³24	 ¶ä24Ő@?A>B$Ġ¹#























































j)0'­ĥĚj#)	ŏ 2009 #Ø) 2010 Ġ¹%TF	ŏĿ
Ěj%rû Ő 2009 $ 6~8 Ã$½~Úã(àės)(ÚĮ)%ŏ\
 rû ¶ú	(Ć 2-2 Ħ)ŐC»ŏ2010 %\02ō¶ú	Ő
 17 
Ě¼ð#02Tã#03lĿ$TF6²(14ŏĚ¼ðÛñ%iĚº¼ðÛñ#












































































































































































































































































































































































































































































































































































































































































2009 ¿ 9 â 25 ÝƇ2010 ¿ 7 â 25 ÝƇ8 â 25 Ý
/& 9 â 25 Ý#ƇÅ0ţ
ķ 10 ñ5ċhĊ#ť&Ƈñ$ńX
/&Ń×5ą°Ƈ]Á" 2 ñ5ť&Ƈ
 6 ñ5ťÑƇdZ$Ŗð5ŋƈ¢Ų0 20cm  $¸e{#MKSJT
/
&Ýçà5y11Ƈņŵ ĤƇņŚ"0&#ĩ$ 3 ŧe#x{Ƈ0#ņŚ%ĕņ
 ïņ#x{ƈ$ÄƇ80 48 ßů_čÄ#ŧe{#_ďŪ5ŒąƈıĠ
Ƈ1mm ĞĮÄƇC/N ;VBV(MT-700 ND;xì¼õĢō)tīĴĈÀ5ą
°Ƈ33$ŧe
/&¸e$tīĴĈÀ _ďŪ0tīĴŬ5ÿ,ƈ*Ƈ































ŋ¥ľ33á-¶"Ƈ_ďŪ ÷#Ħůę"2p+03ƈ  






/&8â 25Ý0 9â 25Ý#
2_ďŪ$ªĄŬ5ġƇªĄŬ5 7
â 25Ý





Ū%Ƈt 7â 25Ý0 8â 25Ý#®ªƇ$ªŬ%­Ŭ¥ľ­
Ƈ8 â 25 Ý0 9 â 25 Ý$ªĄŬ%tµƈņŚ$_ďŪ$ 7 â 25 Ý
0 8 â 25 Ý$ªŬ%ƇÝçà$­Ŭ¥ľ­Ƈ$ª~-Ɓƈ8








Ŭ¥ľ$ĩ$_ďŪ%Ƈ8 â 25 Ý%MKSJT#ü(Ýçà­Ƈ9 â
25 Ý%Ýçà#ü(MKSJT­"ƈ¢Yŧtg$_ďŪ$ªŬ%Ƈ\
Ħ#
­Ŭ¥ľ­Ƈ8â 25Ý0 9â 25Ý$ª~%Ƈ¥ľÜė
®"2p+03ƇÝçà%Üľvēů½%+03"ƈ*Ƈ
MKSJT$Íŋ¥ľ
/&­Ŭ¥ľ%Ƈ7â 25Ý0 8â 25Ý$ªŬ 8
 24 
â 25Ý0 9â 25Ý$ªŬ%ĥÀƇÝçà% 7â 25Ý0 8â 25
Ý$ªŬ#ü( 8â 25Ý0 9â 25Ý$ªŬ%¶"ƈ 







tīĴĈÀ$Ą¶~%Ƈ7â 25Ý0 8â 25Ý
/& 8â 25Ý0 9â 25Ý -
#µƇņŚ$tīĴĈÀ%ƁĸÒ3ƈWÛƇÝçà$­Ŭ¥ľ%Ƈ7
â 25 Ý%Ɓn5ġƇ7 â 25 Ý0 8 â 25 Ý$Ą¶~c#ü(®
Ƈ8â 25Ý0 9â 25Ý$Ą¶~-Ýçà$ľ#ù®ƈĩ$t
īĴĈÀ%Ƈ8 â 25Ý
/& 9â 25Ý -#Ƈ\Ħ#
­Ŭ¥ľƁƇ
WÜėůüŜ2 \ĦĥÀƈ*Ƈĩ$tīĴĈÀ%Ƈ8 â 25
Ý0 9â 25Ý*#%Ƈt®"ªĄ%+03"ƈ 
Ĭ 3-1-2-6Ō#Ƈ2010¿$ 7â 25ÝƇ8â 25Ý(ĩÕåÄ)
/& 9â 25Ý(ƃČå)
$MKSJT
/&Ýçà$tīĴŬ$Ôģ5ġƈ7 â 25 Ý0 8 â 25 Ý

/&8â 25Ý0 9â 25Ý#
2tīĴŬ$ªĄŬ5ġƇªĄŬ5 7â
25Ý
/& 8â 25Ý$n5 100Ɔ ĜxđġƇªĄ~ ƈtīĴŬ
%ŧe#ƇtŖðÝ#
ƇMKSJT%­Ŭ¥ľá-­Ƈù





MKSJT$Íŋ¥ľ% 8 â 25 Ý 9 â 25 ÝĥÀ$n5ġ
1Ƈ­Ŭ¥
ľ%ªƈWÛƇÝçà% 8 â 25 Ý0 9 â 25 Ý*#tĄ¶





/&­Ŭ¥ľ$tīĴŬ%Ƈ8 â 25 Ý%Ýçà MKS
JTĥÀƇ9 â 25 Ý%Ýçà#ü(MKSJT­ƈÍŋ¥
ľ
/&­Ŭ¥ľ$¢Yŧtg$tīĴŬ#ƇÝçà% 7 â 25 Ý0
8 â 25 Ý#ü( 8 â 25 Ý0 9 â 25 Ý$ªŬ¶"$#´ƇMKSJ
T% 7 â 25 Ý0 8 â 25 Ý$ªŬ­Ƈę"2p+03ƈ 8 â 25 Ý




/&Ĭ 3-1-2-6 Ō#ġtīĴŬ0 2010 ¿
$ĩ$_ďŪ
/&tīĴŬ$ěČåů]$ª"0&#cŧe0$ģŋŬ5ĭ





















































































 2010 ¿$ñ1tīĴŬ(Ĭ 3-1-2-6 Ō)0eŴĪ1$tīĴŬ5Ô
°ĵîƇMKSJT$ľ% 5.2 kg/10 aƇÍŋ¥ľ% 10.6 kg/10 aƇ­Ŭ¥
ľ% 21.8 kg/10 aƇÝçà$ľ% 7.2 kg/10 aƇÍŋ¥ľ% 7.9 kg/10 aƇ­






















WÛƇMKSJT%Ýçà %ę"2p5ġƈMKSJT$ 8 â 25 Ý0











 Ýaų$­ÉĦ2ý 287  ý 290 %ƇěČåů]$tīĴŬ
;=G8P"!$Ýç£Ħ ü(®Ƈņ$ĻŤƇņŴĪĸÒ3
 3(Ę0 2002)ƇěČåů]$ĕĿ#ĐÆ+03ƈçŔƀMKSJT%Ƈ
ěČåů]$īĴŬ­(Ĭ 3-1-2-6 ŌƇĬ 3-1-2-8 Ō)ƇņŚ$tīĴĈÀ%ƇƁ






ďŪµ-$$Ƈ8 â 25 Ý0 9 â 25 Ý$¢Yŧ_ďŪ$ªŬ®Ƈ




-Ýçà#ü(®(Ĭ 3-1-2-6 ŌƇĬ 3-1-2-8 Ō)ƈ*ƇMKSJT%Ƈ¥ľÜ
ė5ŋ\ľ#ü(ƇěČåů]$tīĴŬ$ªŬ®Ƈĩ$tī
ĴŬ$ª#±[2~-®(Ĭ 3-1-2-8 Ō)ƈ$ 0ƇMKSJT
%¥ľÜė#/1ěČåů]$īĴŬ5ªƇĩ$tīĴŬ$ª#Ĺ2
 ŀ2 Ô³3ƈWÛƇŽÙÏx Ūŏ"ŏĴ2ĲATF9
 31 
















 /1$î%Ɓ*2 Ô³3ƇbÄ$ôœŕŹ ƈ*ƇçŔƀ%İ
|ė5Ê°2ņŵ Ĥ$tīĴŬ­ 0ƇĲŽÙ $|ė
-ļÎ(2ƈ 
dY/1ƇÝçà#ü(ƇMKSJT$ěČåů]$īĴŀ%ƁƇĩ#x










 Þ0 "ƇtīĴd¬$Ïx$ÜėŬ-ľ üŜ­Ƈ30Ï
x$Ŭ#-Ŭ#ÃŶ5) ļ	032ƈ*ƇKEOQ ŽÙk
n#ÃŶ2 oŴ-1ƇôœÈŏ2ƈdZ#ƇMKSJT$Ïx$














































IVQ9SCH<6RV>$§2ƇWŁĝ# 2%dZ2 ä* 
32. çŔƀ#
2¢Yŧtg$8P7LŬ _ďŪ08P7LĈÀ5ÿ,













7L5ŽÙ#ă2 WŁĝ "2 0Ƈ8Q=7LĈÀfZ#/2
ŽÙkn'$ÃŶ%µ Ô³3ƈ 
ýħ'$J:E=7LÜė#/1ěČzå$śĂŢÀŢƇņŚ$ņł5ƁƇ
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ğ 3-1-3-2Ń"Ŷ2010µ# 7Ù 25ÔŶ8Ù 25Ô(ěÍÛ¼)	0& 9Ù 25Ô(ųþÛ)
#Ĉĳāó6Ėŷ+Ŷŭđ"Ŷ7Ù 25Ô
1 8Ù 25Ô	 	0&8Ù
25Ô






























-Ŷ9 Ù 25 Ô#ÃłĲ|	0&şĲ|#ĻĶi$ÔÜ×"ï(JIOHP
Ų





 ğ 3-1-3-3 Ń" 2009 µ 9 Ù 25 Ô#ã2#¯arĻūĜŶğ 3-1-3-1 "¯arĻ









 ğ 3-1-3-4 Ń" 2010 µ# 7 Ù 25 ÔŶ8 Ù 25 Ô	0& 9 Ù 25 Ô#ã2#¯ar
ĻūĜŶğ 3-1-3-2 "¯arĻūĜp³v	0&Ē¬kº·644Ėŷã
2#¯arĻūĜ(ğ 3-1-3-2 Ń)"¬3 20cm #¯a#ĻūĜ(ğ 3-1-3-4 Ń)
#v6¯ar#ĻūĜp³vŷ7 Ù 25 Ô#¯arĻūĜv"	ŶØ
.!v6}-¯$ŶJIOHP#{Ĳ| 20~40cmŶÃłĲ|
20~40cm 2Ŷ40~60cm .ę·!	2ŶşĲ| 40~60cm #¯2Ŷ
 48 
ÃłĲ|	0&şĲ|${Ĳ|"ï(U¯"ĻūĜp³ŷ8 Ù 25 Ô
#¯arĻūĜv"	ŶØ.!v6}-¯$ŶJIOHP#{Ĳ|
 20~40cmŶÃłĲ| 40~60cmŶşĲ| 60~80cm#¯ŷ7Ù 25Ô
é"ŶÃłĲ|	0&şĲ|${Ĳ|"ï(U¯"ĻūĜp³3j
,14ŷ+ŶØ.!v6}-3¯#ĻūĜp³v$ŶJIOHP$l|





ŷ9 Ù 25 Ô.é#j,14Ŷ
Ø.!v6}-¯#ĻūĜv$ŶJIOHP#{Ĳ| 39.1%ŶÃł






Ô	0& 9 Ù 25 Ô"	ŶJIOHP$ÔÜ×"ï(ŶS#¯"ĻūĜŨY
3!´¶¯"p³3j,14ŷ 
7 Ù 25 Ô# 020cm 	0& 2040cm #Ē¬kº·$ŶXĚ."şĲ|
]|02b
ŷ8 Ù 25 Ô"	3ŶĒ¬kº· 40%^V#¯#ĻūĜv$Ŷ
JIOHP#{Ĳ|$ 39.0%ŶÃłĲ|$ 1.4%ŶşĲ|$ 73.4%ŶÔÜ×







şĲ|$ 26.6%ŶÔÜ×#{Ĳ|$ 15.2%ŶÃłĲ|$ 16.6%ŶşĲ|
$ 9.8%2ŶSÓĊ|šïœ3ŶJIOHP$ÔÜ×"ï(Ē¬kº
· 80%^U#¯#ĻūĜv
ŷ9 Ù 25 Ô"	3ŶĒ¬kº· 40%^
V#¯#ĻūĜv$ŶJIOHP#{Ĳ|$ 21.8%ŶÃłĲ|$ 47.1%Ŷş
Ĳ|$ 31.0%ŶÔÜ×#{Ĳ|$ 0%ŶÃłĲ|$ 25.5%ŶşĲ|$
84.1%2Ŷ{Ĳ|	0&ÃłĲ|$JIOHPŶşĲ|$ÔÜ×
!3j,14ŷ  




7 Ù 25 Ô$ 0.63Ŷ8 Ù 25 Ô 0.58Ŷ9 Ù 25 Ô 0.71 2ŶJIOHP#{Ĳ|	0
&ÃłĲ|"ï(Ŷ­i6ĬÈŷÔÜ×$ 7 Ù 25 Ô	0& 9 Ù 25 Ô"	
Ŷ{Ĳ|Ø.­i6Ėŷ 






ŷ+Ŷ8 Ù 25 Ô"ï( 9 Ù 25 Ô
$l|lĞħù·$÷®3Ŷ#÷®v$ÔÜ×"ï(JIOHP­









ÔÜ×ę·ŷ020cm 	0& 2040cm #ĻőlĞħş#ŉ6SÓ
Ċ|šïœ3ŶXÔ."JIOHPï(ÔÜ×ę·^U#i6Ė
ŷ+Ŷ020cm 	0& 2040cm #ĻőlĞħş#p³v6SÓĊ|šï
œ3Ŷ8 Ù 25 Ô$JIOHP"ïœÔÜ×Ŷ9 Ù 25 Ô$Ãł
Ĳ|$JIOHPŶ]#|$XĚę·ŷ1"ŶĒ¬kº



























Y#¯ar#ĻūĜp³"Ā¾,14ŷ8 Ù 25 Ô(ěÍÛ¼)	0& 9 Ù 25
Ô(ųþÛ)."ŶJIOHP$ŶÔÜ×"ï(ĹTŲÌĘ	2ŶĻūĜS
#¯"ŨY3!Ŷ´¶¯"p³(ğ 3-1-3-1 ŃŶğ 3-1-3-2 ŃŶğ


























ÿĈĉ"»Ŭ6*(¤1 1990a, ¹Ŝ1 1998, ť1 1997)! 4
3ŷ8 Ù 25 Ô#JIOHP$ŶÔÜ×"ï(ŶĒ¬kº· 40%^V#¯#ĻūĜv
­Ŷ¬"Ē¬kº· 80%^U#¯#ĻūĜv!	2 (ğ












şĲ|#JIOHP$Ŷ8Ù 25Ô	0& 9Ù 25Ô."ÔÜ×ï(3Ē¬kº
· 40%^V#¯#ĻūĜv­Ŷ¬"Ē¬kº· 80%^U#¯#ĻūĜ
vŶ41#¯#ĻőlĞħù·.Ų













HP$ÔÜ×"ï(ĹTŲ(ğ 3-1-3-1 ŃŶğ 3-1-3-2 Ń)Ŷ¯ar#ĻūĜp³v
"S#¯"p³3v­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ø 2 ú Ĭċ´æ	?>A=BoĬ*!ĵ²¥bn$ı  
 
ĵ²ûäå ĽĪĬ<D7oĬĽĵ²2:@3DĬ*-o






oõµ(2009 10º 24µ*! 2010 10º 25µ)sj	 ,Ħą 10Â0Ý








ø 3-2-1 ėĽ2009 *! 2010 ?>A=B*!µ½·üoĬÆ¥Ęā0
ïľ 
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 2009ó°Ľþü°*!þüĪ ´æ`ãĭ»£		 ,ĽĬċj

ĽÊ¤ĕċjĽiċjĲ	 ľE³ĽEóü°ĽþükýĪ*!
ëÞÌt ´æ`ãĭ»£ &+.ľ%Ľó°*!ëÞÌt µ½
·ĽEóü°Ľþü°*!þüĪ ?>A=B..
ľ  







ċj 2Z[	 	Ľµ½·iċj¤ĕċj ?>A=BÍ#
ľ 
ø 3-2-2 ė 2010 þüEđĵ²¥b0ïľþ8B;4ġĽþĎČ*!











	 ,ĽQğ2:@3D ^juñ	 ľQğ2:@3DþüĪ+lUİô






















 2645 Gcal/10 a 
,ĽĺÿċĬ´æ*,oĬg0~-	rč	 ľ 





#ĬċjĀ 2 Z	 (ø 3-2-1 ė)	ĽëÞÌtÔñ Ľµ½·Í#













%Ľ2010 Â	 ,þüĪ Ľ?>A=B iċjÍ#¤ĕċj 2 Z
	 	Ľµ½· ?>A=BÍ#iċj¤ĕċj	Ľzòĭ












ĽþĈĆ 0%	 -ľÓiâ Ľ%%2:@3






ğ2:@3D ^juñ	 ľĬċj?>A=BEđĵ²¥b Ľþ
8B;4ġ	 7.4ļĽþĎČ	 1.7ļĽþĈĆ	 10.3ļĽþÚb	 5.2ļĽr×¡Ý÷ā
ß	 75.4ļ	 ,ĽĺQğ2:@3D 3.10Mcal/kg	 ,Ľµ½ÈÖĵ²bÀėï
.-üûEđĵ²¥b(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)ÍĤĽþĎČ
*!þÚb	Ľr×¡Ý÷āß ĽQğ2:@3D uñ	 ľ%
Ľĺ"Ąķ0¢tĽQ¸]-91?A56µ½ÈÖĵ²bÀėï

















üûþĎČw»â(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)	 - 2.5%ÍĤ(
VĽQğ2:@3Dg' Ľ¯{	 Ę	 ,OÄěĝĳľ
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2009 ®" 2 Ñ 25 Ëş5 Ñ 25 Ë	.$ 9 Ñ 20 Ëş2010 ®" 1 Ñ 11 Ëş2 Ñ 25 Ëş3
Ñ 26 Ëş4 Ñ 25 Ëş5 Ñ 25 Ëş6 Ñ 29 Ëş7 Ñ 31 Ëş8 Ñ 26 Ë	.$ 10 Ñ 2 Ë!
{0 8 
¿5ùbø!Ň$şî° 0Ť10cm 	.$ 10Ť20cm " 2 ª
/2
2ę 100ml "5ÃŠÃ5¥ð|o!ŘWµş1mm ą"ė
5ŀşC/N ;P?P(MT-700 I@;oØ«ßČĭ)5ālĒĚ5şFIA ê5ā
Ċň»ĒĚ	.$6NHA6»ĒĚ522ñ¤Š/! 2010 ®" 1 Ñ 11 Ëş
 76 











ē 3-3-1 Ĭ!î°r"lĒĚö°"Äč5ċŠî° 0Ť10cm # 2010
®" 7 Ñ 31 Ë!	l{Ď°ş2]#ĵÚÔō5ŀŉ
ġ{Ŝh5ċŠî° 10cmŤ20cm#ş2009®" 2Ñ 25Ë#ŉġ{
ş5Ñ 25Ë#zġ{22Ŝş9Ñ 20Ë#l{Ď°0şÎÔ!.0
jă Š2010®#ş1Ñ 11Ë
/ 4Ñ 25Ë) 6Ñ 29Ë	.$ 7Ñ 31
Ë)#ŉġ{Ŝş5Ñ 25Ëş8Ñ 26Ë	.$ 10Ñ 2Ë#şl{Ď°
0ş2010®,ÎÔ!.0jă Š   
ē 3-3-2 Ĭ! 2010 ®"î°r"Ċň»ĒĚö°"Äč5ċŠî° 0Ť
10cm#ş1Ñ 11Ë
/ 3Ñ 26Ë 6Ñ 29Ë
/ 8Ñ 26Ë!	şŉġ{
Ŝ




/ 3Ñ 26Ë) 6Ñ 29Ë
/ 8Ñ 26Ë!	
ŉġ{Ð,ŜşQÉş4Ñ 25Ë#l{Ď°0ş5Ñ 25Ë	.$
10 Ñ 2 Ë#zġ{ŉġ{Ď°0ş¼īġ{`şÎÔ!.0ă 
1j*/2Š 
ē 3-3-3 Ĭ! 2010 ®"î°r"6NHA6»ĒĚö°"Äč5ċŠî
° 0Ť10cm#ş1Ñ 11Ë
/ 4Ñ 25Ë) 6Ñ 29Ë	.$ 7Ñ 31Ë!	ş
zġ{Ð,Ŝ
Š2]"ÎÔ#ş5 Ñ 25 Ë#¼īġ{Ŝş8 Ñ 26
Ë	.$ 10 Ñ 2 Ë#l{Ď°Šî° 10Ť20cm !#lÔō5
ŀzġ{\"{!ä&Ď°]RŠ  




©ş10 Ñ 2 ËÐ,` Šĝ»KNň#şUî°,!ĳś{ōŗĨ 
¬*/2ŉġ{Ŝşã¼īġ{0şzġ{Ð,`
Šl{
 1 Ñ 11 Ëş5 Ñ 25 Ë!ä& 10 Ñ 2 ËŜ
ŠYÅ¹8K7F#ÎÔşî°5
4şŉġ{Ð,Ŝşzġ{Ð,`
Šl{!	 1 Ñ 11 ËŜ
ş"µï©1j*/2ŠYÅ¹8L<7F,ŉġ{Ð,ŜÄč
Šl{!	ş1 Ñ 11 Ë!ä& 5 Ñ 25 Ë#wş10 Ñ 2 Ë# 0Ť10cm "
zġ{5Őï©ŠYÅ¹D:B<7F#ş1 Ñ 11 Ë!	hŜ 1





Ñ 11 Ë	.$ 7 Ñ 25 Ë!	l{h`¬#4
ş2]#
zġ{`şŉġ{Ŝj*/2Šî° 15cm "ôí#şĵ
ÚÔō5ŀh#` 6 Ñ 4 Ë
/ 7 Ñ 25 Ë)#l{Ď°0ş8 Ñ 8
Ë#¼īġ{ş8 Ñ 22 Ë	.$ 9 Ñ 5 Ë#ŉġ{Ŝ
Šî°
50cm "ôí#ş6 Ñ 4 Ë#zġ{ş6 Ñ 27 Ë	.$ 8 Ñ 8 Ë#¼īġ{
ş9 Ñ 5 Ë#ŉġ{22Ŝş2]#l{Ď°Š)
şî°r!*1ĂŔæŜh5ċj*/2şî°!À4/l{ÎÔ!
.0h#zş7 Ñ 11 Ë	.$ 7 Ñ 25 Ë#`
Š 
ē 3-3-6 Ĭ!ĂŔæ	.$ôí"6NHA6»ĒĚö°"Äč5ċŠĂŔæ
#ş6 Ñ 4 Ë	.$ 6 Ñ 27 Ë#zġ{ş7 Ñ 11 Ë	.$ 9 Ñ 5 Ë#¼īġ{ş
8 Ñ 8 Ë#ŉġ{22ŜşÎÔ!.0ă 1j*/2ŠŠî°
15cm "ôí#ş6 Ñ 4 Ëş6 Ñ 27 Ë#ŉġ{Ŝş7 Ñ 11 Ëş7 Ñ 25 Ë
	.$ 9 Ñ 5 Ë#l{Ď°ş8 Ñ 8 Ë	.$ 8 Ñ 22 Ë#¼īġ{Ŝş
ÎÔ!.0ă 1j*/2Šî° 50cm "ôí,î° 15cm à
!ÎÔ!.0ă 1j*/2Š  
 ē 3-3-7 Ĭ!ĂŔæ"KNňö°"Äč5ċŠQĻŉġ{Ŝh5ċ







/2Š2009 ® 2 Ñ 25 Ë"Î÷ŉġ{"lĒĚö°#ş\"{!ä&
Ŝ

/ş"j#ş© ,Ł®Êā 3 ®ą"ġÊāu"Î÷#Ā




u(2009 ® 2 Ñ 25 Ëş2009 ® 1 Ñ 11 Ë)!şl{ 2009 ®!ä& 2010 ®
w	0şl{ĒĚ"ĩĐ/2Ä¦2Š  
 V"6NHA6»ĒĚö°#şġÊā5īU{äĽzġ{
















/21şġÊāu1 1 Ñ"ĵÚäĽ 2 Ñ	.$ 3 Ñ"ĵÚ#ġ
Êā"Òù!À4/şl{"Ċň»ĒĚö°ï©1j*/2Š
V"Ċň»ĒĚ#şŎœ-òæ!.0æ!ônşĤĒ !.0 12 łō'ì
 1(} 2000şé/ 2009)21ŠÕĳś!	şĵÚ5ī 2010 ®" 2


















































l{ġÊāu(1 Ñ 11 Ë)!ä&ş"µï©ŠuĂO­X(2002)#şġ
Ł®ÊāæĂ!	şpH RÌ12şÕĳś,à"j*/2Šæ
ď"ĀĢ!ņp pH #ş5.0~6.5 "²ň¹0ş6L8K#şDN9N-ŋ 
"·ŉ¾o2! 11(Ī} 2010)ŠġÊā!.0 pH R
Ì1+ş` pH !#ÆĥxÙ 1şŜ pH #æďĀĢ%
"´ŕ!ëº¸Į1Š 
ĝ»KNň#şæďčÝu(5 Ñ 25 Ë)"î° 0~10cm !	şzġ{#




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3#  	 		





























 ƾď#ǐÿŘ#āŵ²ĳ 5Ŵ!ĦÈŵ#āŵðƹ ({Şũ 
8.0kg/10aǘRVƶ 10.8kg/10aǘ;R 9.6kg/10a)ģƢǘ¾ƹ´ŵ#āŵðƹ({








3Ŵ03ǘ#w¢$ǘÒ -´ŵƫÛāń 3 ÛŎ#Ąķ$ł
öÏ32ǙŔĖ(2009 Û 5 ć 25 Ăǘ2010 Û 5 ć 25 Ă)#®ºįÞ 10ǚ20cm #
®º_#{ŞũĶÞ$ǘŵe#ģ'¡ŖÞg[#v5œ1ǘe#ĄĊ
w¢	ŉ 1ǘÆŵÿāń#ãǊŴ03Ǚ®º_#7VPG7ìŞũ
$ǘ4 ć 25 Ăǚ7 ć 31 Ă$ŵ¿










































 ŬìRVƶ$ǘĤŘŔĖ(5 ć 25 Ă)#®ºįÞ 0~10cm !ǘŵ$






(1984)$ǘ6ǚ29mg/100g 	 1ǘ30mg/100g g[$RVƶĸāńĤĳ	 2
2ǙŬìRVƶ$ǘ´ŵāń!/1®º!ƈśǘ´ŵƫÛāń 4 ÛŎ#Ąķ­#
ŎĜ²ĳ!Ư1ǘ´ŵ#+#āńRVƶ#pŬ	Ÿ	 ǙYĀǘíƊ
´ŵ$ 6.2mg/100g 	 1ǘ­	È,¯¹ƭ²Čóƺœ2ĤŅ®º!




Ɗ	Ÿ	 Ǚ*ǘ´ ŵ!/2RVƶāńƹ!ÐŘn#¤ƹ$Ò 
ǘÛğ5Ʒ"2®º_#ƈśƹ	¹2Ŵ03	ǘ´ ŵƫÛāń 3 Û
 96 















 !$ƗŪ!ėƓ2çƍ		 2Ŵ03Ǚ 
*ǘPNUMV#Ɔǉŕ#;R9OĶÞ$ĂČąģƢǔǙŚĊgä
#ƂƆ;R9OĶÞ	Ƈǔŭò3	śęō ļƞƣƦ!Ű	2 (ƚ































ĤŘ#łŷ!ư pH$ǘ5.0~6.5#àƶé	 2(Ɖ 2010)	ǘ´ŵāń5Ɗ
































 *ǘŦ#ŧDVJ=ƞ£ĈĿ$ǘǐÿqv5ƕq2[Ʒƍ ƍũ	 1ǘ*








































	 2Ǚ  






8 ć 25 Ă#PNUMV$ǘĂČą!ģ'ǘŏÐyáÞ	 40%g\#Ô#Ɔǈś	
ÑǘÐ!ŏÐyáÞ	 80%g[#Ô#Ɔǈś	¿
 1ǘĒ	 

































































































),+-T:lh ]F2DNÁH:>lh :DNd«/	$Â 
 $©x 	 ÁuT²M: J YG¯1~Pji&
¬#ÁÁ§À³£ÁYKQ~&PuTB|C@&`
ÂEa/	$Â 

















³0/ŵ      
ŭÊğăĄ "Ŵ]:;=¡¢ŲăĄ	¶Ū×Zë)-0
.ŴŬÊĹĥĀLtÙ!ņø- 900~1000 kg/10aē¯!~Ť2Čã/ŵŭ











ŭÊğĔ!Ü Ŵv İÊ2İ XÑ/ŴŬąğĔ è%Ť
!İÌą	¶Ń/ŵŴêĆ$!Ť!İÌą ,/ďń"ªŴİ
Ìą ,/!Ůlu»+ŭÊğĔ!Ůl~ ōÚŴşmİÌą
Ť2Î- /¶Ń		 /ŵ- ŴDBGAH!£ăĄ Ŧ/Ĕý¸2Rµ
 Ŵ~Ń2ŇØ/* ŴİÌą	0-!Ń }&²ũ2Î- 
/ŴşmİÌąŤ2ì¢ŴİŤÌą ,/ŭÊąêĕĔDBGAH
!¡¢ċŲ\ăĄ¿ł!Đě2ŵ  
êĆ ¼Łİw(N: 2.1%Ŵ1.8tDM/10a),#Ťİw(3.6tDM/10a)-# èœ




İwè% 6~52%Ŵ1004Ŷ1087 kg/10a2đŵ- ŴġĠ!ŭÊ¾
l2ë)ĤÙŴŤİw"ŴXŎ5>F8I	VwÓº¬	ŴġĠ~Ť	



























	ăÃ§0ŴİÌąÏÕ "ßŉ	¶Ń	 /Į-0ŵ    















ľâŚ	 / ,.Ŵİ!ŤÌą ,.ĿŨĘ	
s*Ŵŝ
ĩĻ -ŴĿŨĘ	 .!TüăĄtĀ	]M Ã§0ŵ

























DBGAH!ăĲ Ót	 Į/ŵŴŤ!İś®Ìą ,.$
!Ůl"ŀĘ.ŴŤİś®Ìą2ŁŴŮlö¯ ïŅİÌą
Ť2ì¢/¶Ń		 /ŵÖŋŰ!Ğ ųĢİ3.6t/10a!ÌąČã!~Ť
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The establishments of high yield production of forage rice variety 




 Rice consumption in Japan continues to decrease every year, which also 
causes decreasing paddy rice acreage and increasing production adjustment 
of fields and desertion of cultivated land. Moreover, along with expanding 
consumption of livestock products, large amounts of animal feed have been 
supplied through imports. Particularly, the self-sufficiency rate of 
concentrated feed is as low as 12%. From the perspective of feed 
self-sufficiency rate improvement and present conditions of remarkable rise 
of global grain prices through competition with biofuels, improvement of 
domestic production of feed presents an urgent problem. Therefore, feed 
cultivation using adjusted fields and deserted cultivated land, and 
maintenance of functionality of rice fields is anticipated as domestic feed 
production areas.  
In feed rice cultivation, low-cost and stable production are demanded as 
necessary conditions. The ideal yield amount is about 900–1000 kg/10 a from 
the viewpoint of the food self-sufficiency rate improvement effect. As for 
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Momiroman, a kind of forage rice, it is thought that large quantities of 
chemical fertilizers are necessary because 20 kg/ 10 a of nitrogen absorption 
is indispensable to achieve high production such as 900 kg/ 10 a of gross 
brown rice yield. However, with respect to large quantities of chemical 
fertilizer application, increased cost and environment impact are concerns. 
Therefore, it is necessary to use compost as a substitute. The enormous 
livestock waste by raising stock is attributable to large quantities of 
imported feed, which raises environmental problems such as water pollution 
to rivers, without the ability to return all waste to farmland use. Considering 
these factors, instead of chemical fertilizers, it is desirable to use compost 
from livestock waste to the greatest extent possible in crop cultivation. 
Additionally, feeding of crops to domestic animal and return of excrement of 
domestic animals have great meaning for the performance of rice fields from 
the viewpoint of sustainable agriculture. Therefore, it is necessary to 
promote decreased use of chemical fertilizers and reduction of organic 
nutrients to soil in forage rice cultivation. Greater quantities of compost 
application are required compared to that for edible rice if we use compost as 
a substitute for chemical fertilizers in forage rice cultivation. However, little 
knowledge exists about large quantities of compost application to rice fields. 
It is necessary to investigate nutrient changes in soil that take place through 
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compost application and nutrient absorption of forage rice, and to clarify 
appropriate quantities of compost applications. For this study, the author 
cultivated Momiroman with application of compost, with subsequent 
investigation of nutrient changes of soil and soil solution, in addition to 
growth, nutrient absorption and the yield of Momiroman. Mainly in relation 
to properties about grain production of Momiroman, this study analyzed 
factors for large yields, and ascertained appropriate quantities of compost 
application by clarifying the influences of compost application on those 
factors, with planned establishment of stable high yield production of forage 
rice Momiroman by compost applied in large quantities.  
We cultivated a forage rice Momiroman and an ordinary paddy rice 
Nipponbare in paddy fields with compost or chemical fertilizer in 2009 (third 
year of compost application) and 2010. Plots of three types were prepared: 
one with chemical fertilizer (CF); one with small-quantity compost (SC) (N: 
2.1%, 1.8 tDM/ 10a); and one with large-quantity compost (LC) (3.6 tDM/ 
10a). 
Results show that the paddy yield of Momiroman in LC was the greatest in 
both years. The Momiroman of LC had 6–52% larger yield than that of 
Nipponbare. It reached 1004–1087 kg/ 10 a. In addition, metabolic energy in 
LC is on the same level with other plots. Metabolizable energy production 
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per unit area in LC became 2645 Gcal / 10 a. It is thought that increasing the 
yield of Momiroman is possible through compost application in large 
quantities. The author considered mainly the factors of dry matter 
production and nitrogen absorption of the ripening period.  
As for dry matter production of Momiroman, the ratio of using materials 
accumulated in assimilation parts before the full heading time was small, 
and the ratio of the assimilation part in the ripening period was large. This 
tendency was particularly strong in SC and LC. Therefore, it was assumed 
that the dry matter production ability in the ripening period contributed 
greatly to the yield of Momiroman.Nitrogen absorption ability during 
ripening period of Momiroman is high in comparison with the Nipponbare. It 
was caused to accumulate enough nitrogen of ear and maintain a high 
nitrogen concentration in the leaves during the ripening period.As a result, it 
contribute to an increase in dry matter production during the ripening period, 
an increase of ear weight, and the increase in feed value due to increase in 
protein content of ear.Heavy application of compost increases the 
assimilation part. High nitrogen supply by heavy application of compost 
increases the total nitrogen uptake and the total nitrogen concentration of 
leaf. These effects of application of poultry manure compost in a large 
quantity were maintained high at ripening period.Therefore, the increase in 
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the nitrogen supply from compost annual application had led to an increase 
in yield.The increase of Decomposition of the organic nitrogen by compost 
continuous application was led to an increase in nitrogen supply to rice. 
Nitrogen had been absorbed Momiroman as soon as it is mineralized during 
the growing season. Inorganic nitrogen concentration of the soil solution did 
not exceed the environmental standards. On the other hand, the 
concentration of each nutrient that including nitrogen tended to decrease 
during the period from compost application to paddy rice transplantation. 
Therefore, I thought to require studied compost application time. 
In addition, absorption amount of the nutrients other than nitrogen by 
poultry manure compost application that has increased, it has been inferred 
that have contributed to the increase in dry matter production of ripening 
period and paddy yield of Momiroman. On the other hand, there is a 
possibility that the increase in rice of potassium concentration by poultry 
manure compost application leads to a reduction in feed value. Increase of 
phosphoric acid concentration of rice is should consider the impact on the 
growth and feed value. It is necessary to note the above. 
 As described above, Momiroman maintains a high nitrogen concentration 
of leaf during ripening period, its value was also increased by a large amount 
application of compost. In addition, Momiroman was maintaining a high leaf 
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area during the ripening period. Momiroman has structure of high light 
utilization efficiency by the distribution ratio of leaf area and leaf nitrogen 
amount is high at high upper of relative light intensity. The leaf area of 
Momiroman increased in LC, and the decrease ratio in the ripening period 
was less than that of Nipponbare. In addition, Momiroman is taller than 
Nipponbare. Therefore, the leaf area can not crowd in a part and leaf area 
density is lowered. The CO2 supply from the air is easily conducted and light 
is transmitted to the lower layer. Because the leaf area density is low. Even 
if the leaf area was increased by heavy application of compost, Momiroman 
difficult to reduced dry matter production efficiency per leaf area. 
 Therefore, the community structure of Momiroman is advantageous to 
heavy application of compost. 
 Paddy rice of Momiroman have many crude fiber and small crude fat. 
Compost application was reduced the crude fiber and increased the crude 
protein of Momiroman. It was possible to increase the feed value. On the 
other hand, compost application was reduced the crude fat. Increase in 
intra-abdominal fat leads to decrease of egg-laying rate and to increase of 
illness. Decrease of crude fat by compost application is expected to reduce the 
abdominal fat. However, Crude fat content of Momiroman is lower as 
compared to the crude fat content of the paddy rice in Japan Standard feed 
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ingredientsIncrease in metabolic energy requires an increase in crude fat 
content. 
Nitrogen uptake and dry weight were greater in Momiroman than in 
Nipponbare in both chemical fertilizer and compost plots. The results also 
showed that the ear weight increases with the increase in assimilation 
during the ripening period. The leaf area was large and leaf nitrogen 
concentration hige in Momiroman in the large-compost plot, even during the 
ripening period. Momiroman had longer plant length than Nipponbare, and 
its leaves were widely distributed from the lower to upper part of the stem: 
this structure reduced the loss of relative light intensity regardless of the 
leaf area increase and maintained good radiation interception. Consequently, 
although Momiroman has a smaller leaf area than Nipponbare, the dry 
matter production per leaf area and dry matter production are larger in 
Momiroman than in Nipponbare at the ripening period. From these results, 
we conclude that application of poultry manure compost in a large quantity 
increases the assimilation at the ripening period; thus compost in a 
large-quantity compost can increase the yield and protein of Momiroman.It 
was inferred that the above-described factors led to the increased yields of 
Momiroman. However, the nutrients in soil accumulate by annual 
application of compost in large quantities every year. It is therefore 
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necessary to watch the soil nutrient density closely to ascertain the quantity 
of compost application when performing large quantity compost application 
every year. Higher than 1000 kg/10a was achieved, which was the intended 
yield by poultry manure compost application of 3.6 t/10a. Even application of 
1.8 t/10a gave a yield of 850 kg/10a. Nutrients in paddy fields accumulated 
by compost application of 3.6 t/10a. The possibility that further application 
led to environmental loading was considered. Therefore poultry manure 
compost application of 1.8 t–3.6 t/10a achieved the intended yield. It is a 
suitable application quantity that does not engender an environmental load. 
 
 
 
